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IN ORDER TO evaluate central audi- 
tory processing in children, it is impor- 
tant first to agree upon a definition of that 
term. As Keith (1981, this issue) has 
pointed out, a variety of terms such as 
central auditory perception and auditory 
perceptual skills have been used 
interchangeably with central auditory 
processing, none having been precisely 
defined. These terms may be understood 
as referring to the analyses of signals that 
have been transduced by the peripheral 
auditory system and/or to the neurologi- 
cal processes involved in obtaining infor- 
mation from signals presented in the audi- 
tory modality. Relatively little is known, 
however, about the analysis or coding of 
auditory signals in the auditory system 
beyond the peripheral level, or about the 
neurological processes involved. Thus cen- 
tral auditory processing refers most fre- 
quently to psychologically and behavior- 
ally defined phenomena measured in rela- 
tion to an auditory signal. Examples are 
discrimination, identification, speed of 



© Aspen Systems Corporation 



57 



TOPICS IN LANGUAGE DISORDERS / JUNE 1984 



processing, sequencing, and short-term 
memory. Behavioral testing designed to 
evaluate these phenomena has been per- 
formed within paradigms provided by 
experimental psychology and speech 
science. Clinicians' current understanding 
of children's processing of auditory stimuli 
is based almost exclusively on data from 
studies of behavioral responses to auditory 
stimuli. 

Interest in central auditory processing 
among speech-language pathologists has 
been motivated by the hypothesis that 
there are cause-and-effect relationships 
between deficits in auditory processing on 
the one hand and language and language- 
based learning disorders in children on the 
other. Some investigators, reasoning that 
language depends on the ability to process 
the speech waveform, suggest that audi- 
tory processing deficits and, in particular, 
deficits in the processing of rapidly chang- 
ing stimuli are more basic or primary in 
nature than language disorders (Tallal & 
Piercy, 1974, 1975). 

In fact, there is at present little support 
for this hypothesis (American Speech- 
Language-Hearing Association [ASHA], 
1980). Upon review, the practice of exam- 
ining nonspeech auditory abilities such as 
sound localization, auditory flutter fusion, 
or the discrimination of tone sequences in 
language- or learning-disordered children 
appears to have little diagnostic value. 
Such procedures do not provide informa- 
tion about the manner in which children 
process linguistic information, nor do they 
help one to determine how auditory 
speech processing may differ in normal 
and language-disabled children. 

Speech-language pathologists are more 
concerned with the manner in which chil- 



dren process speech as opposed to non- 
speech sounds. In this article, therefore, 
behaviorally defined operations, in nor- 
mal and language-disordered children, 
relating primarily to speech processing 
and to the comprehension of speech, are 
emphasized. Information about non- 
speech processing is referred to only when 
it is relevant to the problem of speech 
perception. 

Most of the available information about 
speech perception is focused on the proc- 
ess of decoding the speech signal into 
phonemes (i.e., consonants and vowels), 
the smallest units of sound used in lan- 
guage to signal differences in meaning. 
Studies of adult speech perception have 
concentrated on phoneme perception and 
studies of children have largely followed 
that tradition. 

EXISTING CLINICAL TESTS OF 
SPEECH PERCEPTION 

Clinical tests of speech perception have, 
as their goal, assessment of speech sound 
discrimination and auditory memory for 
speech materials. They derive from efforts 
to diagnose language disorders in normal 
hearing children and to evaluate the per- 
formance of hearing aids in hearing 
impaired children. Some crossover may 
take place, however, in that speech- 
language pathologists may become inter- 
ested in tests devised for use in audiologic 
practice and audiologists may become 
interested in tests devised for diagnostic 
purposes in speech-language pathology. 
Examples of tests used by speech-lan- 
guage pathologists are: the Wepman 
Auditory Discrimination Test (Wepman, 
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1973); the Goldman-Fristoe- Woodcock 
Diagnostic Auditory Discrimination Test 
Parts I, II, and III (Goldman, Fristoe, & 
Woodcock, 1974b); the Goldman-Fristoe- 
Woodcock Auditory Memory Tests (Gold- 
man, Fristoe, & Woodcock, 1974a); the 
Auditory Sequential Memory subtest of 
the Illinois Test of Psycholinguistic Abili- 
ties (ITPA) (Kirk, McCarthy, & Kirk, 
1982). The Goldman-Fristoe- Woodcock 
tests employ tape recorded materials. 
Examples of tests typically associated with 
hearing aid evaluation are: the Word 
Intelligibility of Picture Identification 
(WIPI) Test (Ross & Lerman, 1970, 1971); 
and the Phonetically-Balanced Test of 
Speech Discrimination for Children 
(PBK-50) (Haskins, 1949). 

Performance on these tests is likely to be 
influenced by such variables as attention, 
level of unrelated activity, and vigilance. 
In addition, the tests employing pictures 
may tap visual and cognitive processes 
(e.g., those involved in recognizing a pic- 
ture, as well as in speech sound discrimi- 
nation). Finally, the tests are likely to 
reflect linguistic abilities such as naming, 
word recognition, and the ability to follow 
verbal directions. Thus the tests are not 
language-free and are not tests of speech 
perception only. 

More recently developed speech per- 
ception tests have endeavored to deal with 
this problem by controlling for the level of 
linguistic difficulty of test materials. Some 
have incorporated nonsense syllables as a 
means of removing the effects of chil- 
dren's semantic or syntactic knowledge. 
These tests include 

• the Speech Perception in Noise Test 
(SPIN) (Elliott, 1979), in which the 
effects of predictability of sentences 



and of signal-to-noise ratio are esti- 
mated; 

• the Northwestern University Chil- 
dren's Perception of Speech Test 
(NU-CHIPS) (Elliott et al., 1979; 
Elliott & Katz, 1980), a test of word 
understanding in which items from 
the vocabulary of 3-year-old children 
are used. Normative data indicate 
performance that improves with age 
in quiet but not in noisy conditions, in 
5- to 10-year-old children; 

• the Nonsense Syllable Test (Resnick, 
Dubno, Hoffnung, & Levitt, 1975), a 
test of speech discrimination, also 
administered in quiet and noise, that 
yields reliable results with children 8 
years and older (Bess & Gilber, 1981) 
as well as adults; 

• a distinctive feature analysis of speech 
sound discrimination (Koenigsknecht 
& Lee, 1968), based on a target identi- 
fication test in which both real words 
and nonsense consonant-vowel-con- 
sonant (CVC) syllables are employed 
(results from this test indicated that 
items differing in only one phonetic 
feature are more difficult for children 
to discriminate than items differing in 
two or more features). 

EXPERIMENTAL PROCEDURES 
FOR ASSESSING SPEECH 
PERCEPTION 

Tests that employ word or sentence 
materials are subject to the objection that 
they tap linguistic abilities, not speech 
perception abilities. (See also Keith, this 
issue.) The use of nonsense syllable pairs 
from a small set, on the other hand, may 
make it possible to investigate the effects 
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of the physical acoustic properties of the 
speech signal on speech perception. In 
such tests, children are asked to listen to 
syllables that could occur in a meaningful 
word, yet are not meaningful in them- 
selves. Computer-generated syllables or 
altered real speech syllables may be used; 
and, in generating these stimuli, specific 
acoustic properties such as formant fre- 
quencies (concentrations of energy in 
given frequency regions), formant transi- 
tions (changes in frequency in these 
energy concentrations over time), and 
voice onset time (time of initiation of 
voicing in relation to the release of a stop 
consonant) may be varied in systematic 
ways. 

The speech waveform is a complex sig- 
nal. It is still not known exactly how the 



The speech waveform is a complex 
signal. It is still not known exactly 
how the signal is decoded in normal 
adults. 



signal is decoded in normal adults. Early 
studies revealed that, contrary to the 
expectations of phoneticians, the sounds of 
spoken language do not occur as discrete 
signals or "beads on a string," but rather 
occur in parallel over the course of units of 
syllable size or greater. If the transforma- 
tion from sound to phoneme were a dis- 
crete process, it would be far easier to 
understand and describe it. Instead, for 
example, the patterns of energy character- 
izing the stop consonants change as a 
function of the following vowel in CVC 
syllables (Liberman, Cooper, Shankweiler, 
& Studdert-Kennedy, 1967). 



Experimental studies of normal chil- 
dren's speech perception are relatively 
recent. The past 15 years have witnessed 
the majority of such studies. It seems that 
developmental research has received only 
minor attention from speech scientists, 
perhaps because of the erroneous assump- 
tion that children do not differ signifi- 
cantly from adults. This assumption 
received support from initial studies of 
infant speech perception. These studies, 
involving operant conditioning or physio- 
logical monitoring techniques, demon- 
strated that normal infants can discrimi- 
nate between certain phonemes much as 
adults do (e.g., Eimas, Siqueland, Jusczyk, 
& Vigorito, 1971; for a review see Kuhl, 
1979). More recent studies of infants have 
shown that some speech discriminations 
are not present until late infancy (Eilers, 
Wilson, & Moore, 1977), and cross-linguis- 
tic studies suggest that for some sounds, 
infants' discrimination is related to their 
language environment (Eilers, Gavin, & 
Wilson, 1979). Furthermore, initial as- 
sumptions that early discriminative abili- 
ties are sufficient to account for the acqui- 
sition of a specific native phonology have 
correctly been questioned. 

Categorical perception 

Although most attention has been paid 
to infant speech perception, a group of 
. studies have been conducted with chil- 
dren between the ages of approximately 3 
and 14 years of age. Most of these studies 
have followed the procedures used to test 
categorical perception in adults (Liber- 
man et al., 1967). Categorical perception 
refers to a mode of perception in which 
the ability to discriminate between sounds 
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appears limited to the ability to label them 
differently. Studies of this phenomenon 
use synthesized stimuli, which are made to 
differ in equal physical steps from one 
phoneme to another. Thus, for example, a 
stimulus continuum may be created so 
that the acoustic patterns appropriate for 
the syllable /ba/ change gradually into 
the pattern appropriate for the syllable 
/da/. However, when subjects are asked 
to label these stimuli, they respond as 
though they only hear the endpoint phon- 
emes, /ha/ and /da/, and frequently do 
not hear any ambiguous sounds in the 
transition from one to the other. When the 
same subjects are asked to discriminate 
between pairs of stimuli from adjacent 
points on the continuum, they show that 
they cannot as easily discriminate pairs 
when they come from the same phoneme 
class (e.g., different examples of /ba/) as 
when they come from different phoneme 
classes (e.g., /ba/ versus /da/). 

Current understanding of categorical 
perception has been considerably refined 
since it was first discovered. Many modifi- 
cations have been made in the original 
interpretations of this perceptual effect. 
Although categorical perception can no 
longer be offered as the sole explanation 
for speech perception, it provides a useful 
set of data for comparisons across age. A 
number of researchers have questioned 
whether the labeling and discrimination 
functions found in adult subjects would 
also be observed in children of all ages. 

In fact, developmental changes are 
observed across age for normal children. 
Most change is seen between the ages of 3 
and 10 years of age, but even in adoles- 
cence, children differ from adults on cer- 
tain measures. For example, as children 



progress from early childhood to middle 
childhood, their ability to categorize stim- 
uli consistently from physical continuua 
improves (Bernstein, 1982; Greenlee, 
1978; Krause, 1978; Simon & Fourcin, 
1978; Zlatin & Koenigsknecht, 1975). Dis- 
crimination also improves with age. 
Improvement is shown in tests for phon- 
eme contrasts, and for pairs of stimuli that 
differ acoustically but are within the same 
phoneme class (Eguchi, 1976; Elliott, 
Longinotti, Meyer, Raz, & Zucker, 1981). 

Descriptions of developmental changes 
in the speech perception of normal chil- 
dren are important for understanding 
children with developmental disabilities. 
Whereas differences between normal and 
impaired children of a particular age were 
once thought to represent neurological 
(hard-wired) differences, it is now becom- 
ing apparent that impaired children may 
be exhibiting developmental lags in 
speech perception. Their responses are 
similar to those of younger normal chil- 
dren and are not necessarily deviant. 

Categorical perception has not been 
investigated in language-impaired chil- 
dren. Preliminary data from a group of 
specifically language-impaired children 
studied by Tallal and Stark (unpublished 
data) suggest that their performance is 
poorer than that of age-matched normal 
control children, and may resemble that of 
much younger children. 

The findings from normal children are 
somewhat perplexing in relation to some 
of the results of infancy studies. The per- 
formance of these children at ages 2 
through 5 years appears to be less accurate 
than that of normal prelinguistic infants 
for some phonemes. The task presented to 
the older child, however, involves cogni- 
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tive/linguistic processes and decision 
making at a much different level than that 
demanded of the infant. The interaction 
between auditory and cognitive/linguistic 
processes may be most severely affected in 
language-disabled children. 

Sequencing, rate processing, and serial 
memory 

In a recent project (Stark & Tallal, 1981; 
Tallal & Stark, 1981), auditory processing 
capabilities, including identification, se- 
quencing, rate processing, and serial 
memory for nonsense syllable stimuli (stop 
+ vowel syllables) were studied in normal 
and specifically language-impaired (SLI) 
children. Two subject groups, one delayed 
in language development and the other 
developing language normally, were se- 
lected for the project. The children con- 
sidered for the SLI group were sufficiently 
impaired in receptive and expressive lan- 
guage to have been placed in schools or 
classes for the communicatively im- 
paired. 

The children in both groups were 
required to have normal oral sensory and 
motor functioning, to have demonstrated 
normal hearing, to have no history of 
hearing impairment, and to be within 
normal limits in nonverbal intelligence 
(performance IQ between 85 and 125 on 
the WISC-R [Wechsler, 1974] or the 
Wechsler Preschool and Primary Scale of 
Intelligence [WPPSI] [Wechsler, 1963]). In 
addition, the subjects were required to 
present neither signs of neurological 
impairment nor a history of neurologic 
deficit or lesion. 

Thirty-five SLI children and 36 normal 
children, aged 5 to 8V2 years, who met the 
above criteria were identified. The chil- 
dren selected for the two subject groups 



were given an extensive battery of experi- 
mental tests. This battery included per- 
ceptual tests that were administered in the 
auditory and visual modalities as well as 
cross-modally (auditory plus visual). 

Each test included a stimulus pair 
which might be auditory, visual, tactile, or 
cross-modal in nature. These pairs were 
presented in binary sequences or series 
within a procedure named the Repetition 
Method (Tallal & Piercy, 1974, 1975). The 
child was required to give a nonverbal 
response by pressing one of two panels in 
response to each of the members of these 
stimulus pairs. Each test included a num- 
ber of subtests that were always given in 
the same order. These subtests of the Rep- 
etition Method were: (a) Detection, in 
which the child learned to push one but- 
ton in response to one member of a stimu- 
lus pair, such as one of two nonsense 
syllables or one of two tones; (b) Associa- 
tion, in which the elements were pre- 
sented in a random series one at a time and 
the children pushed the button associated 
with the syllable, tone, or other element 
presented; (c) Sequencing, in which the 
elements were presented in random order 
two at a time and the children pushed the 
two buttons associated with the signals 
presented, in the sequence in which the 
signals were presented; and (d) Serial 
Memory, in which the elements were pre- 
sented in random order 3 to 7 at a time, 
and the children again followed these 
longer sequences in their button-pushing 
responses. Special Sequencing Subtests 
(Rate-Processing Subtests), in which con- 
sonant-vowel formant transition rates or 
intervals between stimuli were varied, 
were presented, as well as a standard 
Sequencing Subtest. If the children failed 
the standard Sequencing Subtest for some 
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test items, they were given a Same/ 
Different Discrimination Subtest as a 
means of exploring the reasons for failure 
at the Sequencing Subtest level. 

The children were also given an oral 
sensorimotor test battery, a neurodevelop- 
mental battery, and a series of visual scan- 



ning or cancellation tests in which they 
were required to select and mark letters, 
digits, words, nonsense shapes, and forms 
presented among similar items. These tests 
resulted in approximately 425 indepen- 
dent variables that were available for 
comparison, including 28 demographic 



Table 1. Final composite multiple regression equation 



Computed Partial 

Variable Regression <test/ correlation Final F text/ Standard Step F Multiple 

name equation p value coefficient p value error overall R 



SLI children 

72.70 

Rate processing for -2.52 -4.13/.00 -6.22 17.08/.00 8.80 17.08 .60 

synthetic CV sylla- 
bles /ba / and 
/da/, 10 ms ISI, 
(no. of errors) 

Identification of syn- 1.08 4.97 /.00 .69 6.19/.02 8.13 13.11 .69 

thetic CV syllables 
/fca/and /da/, 80 
ms vowel formant 
transitions (no. of 
trials taken to 
reach criterion) 

Identification of syn- -.83 -3.79/.00 -.59 10.02/.00 7.10 14.80 .78 

thetic CV syllables 
/ba/ and /da/, 40 
ms vowel formant 
transition (no. of 
errors) 

Identification of 250 -.82 -3.31/.00 -.54 10.93/.00 6.10 17.77 .85 

ms tones (high and 
low) (no. of errors) 

Normal children 

64.41 

Visual scan for en in 1.30 3.53/.00 .53 114.07/.00 6.75 114.07 .87 

real words 

Visual scan for narp .80 3.98/.00 .57 13.45/.00 5.80 84.04 .91 

among other non- 
sense words 

Right-left discrimi- -1.28 -3.72/.00 .55 10.09/.00 5.15 74.36 .93 

nation, reaction 
time 

Visual scan for pic- .69 2.33/.03 .38 5.44/.03 4.84 64.62 .94 

tured objects with 
names having ini- 
tial b 
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and/or social, family, and medical history 
variables. 

The SLI children were found to differ 
significantly from the normal children on 
all of the subtests of speech perception 
that were administered with synthesized 
speech stimuli (stop consonant-vowel 
stimuli), and on all of the subtests except 
the easier Identification Subtest when 
comparable recorded real speech stimuli 
(stop consonant vowel syllables) were 
employed. Thus the findings indicated 
that SLI children were significantly infe- 
rior to normal children in speech process- 
ing capabilities. 

It was then asked whether the speech 
processing and language abilities of the 
normal or the SLI children were corre- 
lated with one another. The results are 
summarized in Table 1. Table 1 indicates 
that, from the entire set of over 400 vari- 
ables, 4 auditory perception variables con- 
tributed most to "prediction" of level of 
receptive language in the SLI children; 
that is, these variables were most highly 
correlated with receptive language. 

A Rate Processing variable, namely, 
sequencing of the synthetic syllables /ba/ 
and I da I presented with a very short 
interstimulus interval (10 ms), was first in 
order of importance of these variables. 
The multiple r for this variable in relation 
to level of receptive language, however, 
was only .60. Many SLI children did not 
reach criterion levels of performance on a 
test of lower-level Association subtest in 
which the same syllables were presented 
one at a time; thus they were not able to 
proceed to the Rate Processing task involv- 
ing these same syllables. The value of the 
multiple r was increased to .78 by the 
addition of two speech perception tests. 



The first test was an association test for the 
syllables /ba/ and /da/ with a 40 ms 
vowel formant transition and an 80 ms 
vowel formant transition. In addition, a 
nonspeech auditory perception variable, 
namely, Association for 250 ms tones, one 
low (fundamental frequency of 100 Hz) 
and one high (fundamental frequency of 
350 Hz), also made a significant contribu- 
tion to prediction of receptive language 
scores in these children. All of the SLI 
children except one were able to respond 
with a certain minimal level of accuracy 
on these easier Association tasks. 

Table 1 indicates a quite different result 
for the normal children. From the set of 
over 400 variables, 3 visual cancellation 
variables and a right-left discrimination 
test from the neurodevelopmental battery 
contributed most to prediction of recep- 
tive language scores in normal children. 
Auditory speech perception variables, it 
should be noted, were also quite highly 
correlated with receptive language in 
these normal children, but not as highly 
correlated as the more advanced, reading- 
related visual cancellation variables. 
These latter variables included selection 
and marking scores that reflected a knowl- 
edge of phoneme-grapheme correspon- 
dence, as well as the ability to analyze 
words according to their component 
phonemes and syllables. Optimum perfor- 
mance on these visual cancellation tests 
may well build on the normal children's 
well-developed speech perception abili- 
ties. The SLI children, whose speech per- 
ception scores were poorer than those of 
the normal children, were not able to 
perform well on the reading-related visual 
cancellation tasks. It has been shown in 
other studies that speech perception abili- 
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It has been shown in other studies 
that speech perception abilities are 
important for learning to read. 



ties are important for learning to read 
(Shankweiler & Liberman, 1976). 

These results must be regarded as pre- 
liminary, because multivariate statistical 
analyses of this kind optimally require 
many more subjects (i.e., a much more 
favorable ratio of number of subjects to 
number of variables) than were available 
in this project. However, the results do 
suggest that correlations involving speech 
processing and language comprehension, 
even if reliable, would be open to inter- 
pretation as evidence of either matura- 
tional lag or deviant development of 
speech processing in the SLI children. 

Additional evidence from a follow up 
study of the SLI children is relevant to this 
latter issue (Bernstein & Stark, in prep.). 
The Sequencing, Rate Processing, and Ser- 
ial Memory Subtests using synthetic 
speech stimuli (/ba/ and /da/) were 
repeated with children from both groups 
in the previous project after an interval of 
3y 2 to 4 years. At the time of follow up 
(Time 2), the SLI children showed some 
progress in language development as com- 
pared with the time of initial contact 
(Time 1). However, the majority of these 
children were still significantly language 
impaired. At Time 2, performance was at 
or near ceiling level for sequencing and 
rate processing on the part of subjects in 
both groups, indicating that perceptual 
development occurred in both the normal 
and the SLI children. Neither the SLI nor 
the normal children, however, performed 



at ceiling level on the Serial Memory 
Subtest. All children improved with 
respect to the Serial Memory Subtest from 
Time 1 to Time 2. However, significant 
age and language ability effects in relation 
to the Serial Memory Subtest were not 
present in the data from Time 2. These 
results suggest that speech processing in 
the SLI children may be related to a 
maturational lag rather than a central 
nervous system lesion. The lag may be in 
perceptual learning rather than in some 
more peripheral process, as suggested by 
Tomblin and Quinn (1983). 

IMPLICATIONS 

The data from the Tallal-Stark studies 
suggest that perception of synthesized 
nonsense syllables may be correlated with 
language comprehension in both normal 
and SLI children from 5 to 8 years old. 
The exact nature of this relationship, 
should it be substantiated in further work, 
remains to be determined. It is possible 
that reception of language and the ability 
to identify, to sequence, and to remember 
series of speech events presented in the 
auditory modality, develop together in 
both normal and SLI children. Certainly 
the longitudinal results found by Bern- 
stein and Stark (in prep.) indicate that 
early perceptual deficits do not prevent 
language development. Both language 
understanding and speech processing may 
reflect higher-level perceptual learning. 
Both may require higher-level cognitive 
decisions on the part of the child at certain 
levels of development. A study by Bain, 
Till, Olswang, and Raffin (1982) suggests, 
for example, that normal and language- 
impaired children may not differ in 
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speech discrimination abilities when the 
experimental paradigm minimizes lin- 
guistic and cognitive processing and when 
natural speech stimuli are presented. 

The studies reported thus far do not rule 
out a causal relationship between speech 
perception and development of language 
comprehension. It is also entirely possible, 
however, that both speech perception 
abilities and language comprehension 
relate to other variables not well under- 
stood. These might include the quality of 
language experienced by the child, and 
aspects of neuroanatomical and neurophy- 
siological development, especially in the 
left hemisphere. 

Further investigation of the develop- 
ment of speech processing in language- 
impaired children is impeded by the lack 
of a cohesive theoretical framework for 
such studies. Do children first perceive 
single acoustic features and gradually 
integrate them into feature complexes 
that may be identified as phonemes in 
syllables; or do they perceive syllables 
holistically and only gradually acquire the 
ability to "unpack" these larger units per- 
ceptually and according to the sets of 
individual features of which they are com- 
posed? At what ages do children begin to 
perceive different allophones of a given 
phoneme as belonging to the same class in 
their language? At what ages are they 
capable of recognizing as equivalent 
phonemes and syllables produced by dif- 
ferent speakers or in different contexts? In 
other words, when and how do they form 
equivalence classes? 

It seems likely that research in this area 
will not progress further until a model 
dealing with these aspects of the develop- 



ment of speech perception evolves. In the 
meantime, the importance of the experi- 
mental work that has been carried out thus 
far for clinical assessment and interven- 
tion must be considered. 

The techniques that have been used in 
assessing speech processing, although pro- 
viding information of interest, are not yet 
appropriate for use in a clinical diagnostic 
situation. However, in the course of the 
Tallal-Stark and Stark-Bernstein studies, a 
great deal was learned about the lan- 
guage-disabled children who typically 
manifest speech processing deficits when 
compared with normally developing chil- 
dren on experimental testing. 

These children had more severe expres- 
sive than receptive language impairment. 
Their receptive difficulties should not, 
however, be underestimated. While their 
word recognition abilities tended to be 
high, and superior to other linguistic abili- 
ties, their performance on the Token Test 
(DeRenzi & Vignolo, 1962; DiSimoni, 
1978), a receptive test that provides little 
contextual support and in which the lan- 
guage presented is highly nonredundant, 
was quite severely impaired. In particular, 
their scores on Part IV of the Token Test, 
that part that places greater stress on audi- 
tory memory, were low (see also Tallal, 
1975). 

It was observed that, when these lan- 
guage-disabled children were expected to 
respond to requests and instructions in the 
classroom, their performance was much 
poorer than would be predicted on the 
basis of their conversational ability. In 
situations where they knew the topic of 
conversation, and where they could use 
their word recognition ability to advan- 
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tage and make guesses as to what was 
likely to be said, they appeared to under- 
stand spoken language well. Their under- 
standing of academic information pre- 
sented formally in the classroom was 
likely to be poor (i.e., at the level of their 
performance on the Token Test, not that 
exhibited in casual conversation). 

As a group, these language-disabled 
children showed impulsivity on experi- 
mental testing by means of the Matching 
Familiar Figures Test (Catts, Condino, & 
Stark, 1982; Kagan & Kogan, 1970). This 
finding has been confirmed by Condino 
(1983). It is not clear how this impulsivity 
may relate to the children's language 
impairment, in other words, whether they 
show impulsivity because of their inability 
to rely on verbal mediation in generalizing 
and evaluating responses, or whether the 
impulsivity is a more basic characteristic. 
It is believed that this characteristic affects 
their academic progress, however. 

As a group, these children manifested 
significant phonologic disorders. There 
appeared to be a relationship between the 
speech perception and speech production 
difficulties manifested by these children. 
Specifically, when asked to imitate non- 
sense syllables and nonsense words, they 
showed much greater difficulty in imita- 
tion of stops than was predicted on the 
basis of their spontaneous speech produc- 
tion (Shriberg, Smith, Stark, & Locke, 
1981; see also Stark & Tallal, 1979; Tallal, 
Stark, & Curtiss, 1976 for a further 
description of these difficulties; and Gol- 
ick, 1977, for a description of phonological 
processes that may be observed in the 
spontaneous speech of language-disabled 
children). 



When the clinician suspects that a lan- 
guage-disabled child has an auditory 
speech processing problem, it might be 
helpful to find out if the foregoing pattern 
of language and auditory memory test 
scores is present. In particular, it is impor- 
tant in such cases to determine whether 
the child's: nonverbal cognitive abilities 
are superior to his or her verbal cognitive 
abilities; performance on the Token Test 
matches that described above; and audi- 
tory memory span for digits and sentences 
is impaired. It is also important to deter- 
mine whether an articulation disorder, if 
present, reflects immature use of phono- 
logical rules. 

Although there has been considerable 
debate about the role of auditory process- 
ing deficits in relation to developmental 
language disabilities, and although this 
debate is likely to continue, the clinician 
need not wait for the debate to be resolved 
before making decisions about approaches 
to intervention. For example, in children 
who are thought to have speech processing 
deficits, auditory training may well be 
contraindicated. Such training could em- 
phasize unduly the skills that may be least 
well developed. Auditory training involv- 
ing nonspeech materials (e.g., tones) could 
be especially counterproductive (see also 
Thai & Barone, 1983). Instead, every 
effort should be made to make certain that 
the child understands what is said to him 
or her, especially in the classroom. A 
slower than normal rate of production of 
speech may be adopted by the clinician or 
the teacher. Other strategies, such as care- 
ful introduction of new topics, use of 
simple explanations and short sentences, 
repetition, and use of alternate forms of 
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expressing the same ideas, should be con- 
sidered as well. The child should be 
encouraged to express in his or her own 
words the ideas that have been presented 
with the aid of these strategies. 

Second, if such children show impulsiv- 
ity, they should be trained to reflect on 
their own responses and to generate alter- 



If children who are thought to have 
speech processing deficits show 
impulsivity, they should be trained 
to reflect on their own responses 
and to generate alternative 
responses. 



native responses. This training should 
begin with academic tasks that are clearly 
within the child's competence and should 
gradually be extended to new tasks as they 
are in the process of being acquired. 

Third, if speech articulation delay or 
impairment is found, the presence of a 
phonologic disorder should be investi- 
gated further. An attempt should be made 
to discover the phonological rules the 
child may be using and to modify that rule 
system. Production should be practiced in 
the context of phrases and sentences that 
are within the child's comprehension and 
that the child is capable of generating 
productively. 

Clearly, these strategies might not be 
appropriate in the case of the child whose 
language disorder was primarily a prag- 
matic disorder, for example, the autistic 
child with delayed echolalia recently 
described by Prizant (1983) (see also 



Wetherby, this issue), nor for certain 
retarded children with delayed language 
abilities (see Das, this issue). Similarly, a 
quite different approach might need to be 
adopted in the case of a child with a severe 
receptive language disorder and superior 
expressive abilities, such as the "hyperlin- 
guistic" adolescent described by Yamada 
(1981). 

In summary, more sophisticated proce- 
dures for assessing speech perception in 
children are required. By documenting 
auditory speech processing impairments 
in language-impaired children, clinicians 
may add to their description of such chil- 
dren's disorders. Thus the ability to plan 
appropriate remediation is enhanced. The 
increasing sophistication of such proce- 
dures and the growth of understanding of 
the development of speech perception in 
normal children are necessary in order 
that the clinician's diagnostic approach 
may become more refined. It is not neces- 
sary for clinicians, however, to invoke 
speech processing deficits as an explana- 
tion of language disorders in children in 
order to justify the development of appro- 
priate intervention procedures. Instead, 
they may choose (for the present) to con- 
sider speech processing deficits as a con- 
comitant of certain specific language dis- 
orders and also of mixed language disor- 
ders with a phonologic-syntactic compo- 
nent. 

It may be important for clinicians to 
document in individual children patterns 
of language disability, including auditory 
memory span deficits, that have been 
shown experimentally to be related to 
deficits in speech processing. It may be 
concluded that training in auditory per- 
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ception is not likely to benefit children 
who show such patterns of language dis- 
ability. Instead, a variety of compensatory 



strategies may be considered and reme- 
diation may address phonological and syn- 
tactic processes more directly. 
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